During the last 10 years, a large number of antibiotics which are active against Gram-negative and Gram-positive bacteria, mycobacteria, rickettsiae, and certain of the larger viruses were isolated (1) from various species and strains of the genus Streptomyces. This served to focus attention on the actinomycetes as potential producers of antimicrobial agents that might possess promising chemotherapeutic properties. The fact that nearly 20 to 50%o of these organisms possess antimicrobial activities served to heighten this interest. Numerous surveys have been conducted. Particular attention has been paid to the formation and isolation of antibiotics that would possess the following characteristics: (a) High activity against Gram-negative bacteria and mycobacteria; (b) antibiotic action against streptomycin-resistant bacteria; (c) low toxicity to animals; (d) other desirable properties, such as activity against rickettsiae, viruses, tumors and phages.
In our own laboratories, large numbers of actinomycetes were isolated from various natural substrates and tested for their antimicrobial activities. The agar-cross-streak method, frequently supplemented by other procedures, was commonly used for screening purposes. Those cultures that proved to be most active were selected and grown in liquid media. Only a small number of these were found capable of giving rise to active antibiotics. The most promising were selected for further studies. For example, of some 300 freshly isolated cultures tested by the above method, only 10 exhibited activities that justified further study. All these cultures proved to be highly active against mycobacteria. Only few of the cultures, however, that gave good activity by the agar-streak method yielded filtrates which possessed corresponding potency. This may be due to a variety of factors, such as the formation by a single organism of more than one antibiotic or the production of different antibiotics under different conditions of culture. One of these cultures proved to be highly promising and was selected for more detailed investigations. This culture was entered into the Collection as No. 3535. The nature of its antimicrobial spectrum, as compared to corresponding spectra of known antibiotic-producing organisms and measured by the agar-cross-streak method, is shown in Table I . The spectrum of 3535 was found to be quite distinct from those of the streptomycin-producing Streptomyces griseus and streptothricin-producing Streptomyces lavendulae. The streptomycin-resistant strain of Escherichia coli and the Bodenheimer organism were found to be sensitive to the antibiotic activity of 3535; further, the antibiotic 
METHODS

Formation and isolation of antibiotic 3535
The next steps in the study of the new antibiotic comprised the development of suitable media for its maximum production. Fortunately, media previously found to be best for the production of streptomycin proved suitable. A medium containing 5 gm. peptone, 5 gm. meat extract, 5 gm. glucose, 5 gm. NaCl, 1,000 ml. tap water gave good results. Various modifications were later introduced. The reaction of the medium tended to become acid during the early stage of growth; this favored early lysis of the When measured by the agar-streak dilution method, the same preparations gave 30 E. coli units per 1 mg. The antibiotic was removed from the broth by procedures similar to those previously found to be effective in the isolation of streptothricin (2) and streptomycin (3).
RESULTS
Antimicrobial properties of antibiotic 3535
The first crude preparations gave an antibacterial spectrum which was quite characteristic of this antibiotic. This is brought out in Table V Neomycin was found to be less favorable to the development of resistant strains of bacteria on contact with it than is usually found to be the case with streptomycin. A 20-hour-old agar culture of E. coli was suspended in water and plated out in nutrient agar containing varying amounts of neomycin. Of 22 billion cells added to each plate, only very few colonies developed. When pieces of agar were removed from the plates and added to sterile media, only the 5 u./ml. plate gave any bacterial growth; the 10 u./ml. and 25 u./ml. agar plates gave no growth, thus pointing to the high bactericidal properties of neomycin. Figure 1 and Table VI illustrate the difference in the development of bacterial resistance to neomycin and streptomycin.
Plates containing varying amounts of neomycin were streaked with streptomycin-sensitive, -resistant and -dependent strains of E. coli (4) 
Identity of neomycin-producing organism 3535
The neomycin-producing culture was found to be quite distinct in its cultural and other properties from the other known antibiotic-producing species of Streptomyces. Its growth on synthetic and organic media was yellowish to brownish, but no soluble pigment was formed, thus placing it among the non-chromogenic forms. Aerial mycelium was readily produced on synthetic media; it was pigmented at first white, turning to rosepink or flesh-pink or seashell pink (light-russettvinaceous, according to Ridgway, XXXIX b-9"'). On certain media, the mycelium tended to be patchy, gradually covering the surface of the vegetative growth. The sporulating hyphae were usually straight, either forming no spirals or only an occasional loose spiral. Among the type cultures already described in the literature, the above description was found to fit best with the organisms described by Waksman and Curtis as Actinomyces (Streptomyces) fradiae (5) .
No. 3535 produced excellent growth in shaken cultures; it frequently tended to undergo lysis, especially in poorly buffered media. It has not been established as yet whether the lysis of the culture is due to infection with phage or to the action of an autolytic enzyme. In contrast to streptomycin, once neomycin was produced, however, it remained in the medium and was not readily destroyed.
Physical and chemical properties of neomycin
A detailed survey of the physical and chemical properties of neomycin will be presented elsewhere. It is sufficient to summarize some of these properties here.
Neomycin is highly resistant to the action of micro-organisms. It is heat-stable and is resistant to the action of acid (pH 2.0) at the temperature of boiling water.
Neomycin is favored in its antibacterial activity by an alkaline reaction of the medium. The best results were obtained with a pH of 7.0-8.0 of the agar and a pH of 7.0 of the buffer. The presence of glucose in the test medium reduces the potency of the antibiotic by favoring either acid production or growth of test organism.
Cysteine has apparently no marked effect upon the activity of neomycin. When 1 to 10 mg. of cysteine are added to 50 u. of neomycin in a phosphate buffer at pH 7.0 and solutions allowed to stand at room temperature for three to 20 hours, only a slight loss in activity occurs.
SUMMARY
The formation of a new antibiotic, designated as neomycin, by a culture of Streptomyces (No. 3535) closely related to S. fradiae is reported.
Neomycin is produced, under shaken or submerged conditions, in media similar to those used for the production of streptomycin by S. griseus. The culture tends at first to form acid and undergo lysis. This can be prevented by addition of CaCO, to sugar-rich media, or by reducing the sugar content of the medium, or by increasing the peptone content. Addition of a small amount of zinc has a favorable effect.
Neomycin belongs to the basic group of antibiotics, which includes a number of substances already described in the literature.
Neomycin is heat-stable. It is also stable to the action of micro-organisms. It is favored in its activity by an alkaline reaction of the medium.
It is not favored by the presence of glucose in the medium.
Neomycin is active against a large variety of bacteria, including Gram-positive and Gram-negative, as well as acid-fast, forms. It is active alike against streptomycin-sensitive and streptomycinresistant strains of bacteria, including those of M. tuberculosis var. hominis. It is not active against fungi.
Neomycin is not only bacteriostatic but also strongly bactericidal. It does not readily allow development of resistant strains of bacteria among the sensitive forms.
